BACKGROUND Loco-regional therapy for hepatocellular carcinoma (HCC) during the period awaiting liver transplantation (LT) appears to be a logical approach to reduce the risk of tumor progression and dropout in the waitlist. Living donor LT (LDLT) offers a flexible timing for transplantation providing timeframe for well preparation of transplantation.
INTRODUCTION
Hepatocellular carcinoma (HCC) is a major cause for cancer-related death worldwide, and its management is rapidly evolving during the last decade [1] . However, the selection of appropriate treatment for patients with HCC remains a challenge because of the clinical complexity of patients and the variability of treatment efficacy. As such, the concept of HCC treatment has currently embraced a multidisciplinary approach, which remarkably improved the long-term patients' outcome.
Surgical treatments including liver resection (LR) and liver transplantation (LT), currently provide the greatest opportunity for the potential cure of HCC. Moreover, LT is regarded as the best choice for patients who have liver cirrhosis associated with HCC but ineligible for primary LR, as the transplantation cures the underlying cirrhosis and provides the lowest cancer recurrence rate. Although the Milan Criteria set a gold standard for LT to treat HCC with favorable overall and recurrence-free survival (RFS), the strict criteria also limits the range of patients who can receive LT [2] . Therefore, numerous alternative expanded criteria have been introduced, showing comparable clinical outcomes than the Milan criteria [3] [4] [5] [6] [7] .
However, the expansion of selection criteria should be taken cautiously, because HCC recurrence remains a great concern, leading to a poor outcome after LT. By contrast, loco-regional therapy prior to LT might be considered for the purpose of down-staging the tumor, to reduce the risk of progression and dropout of patients on the waiting list, or to improve the possibility of a favorable outcome after LT [8] [9] [10] [11] . Previous studies had shown that loco-regional therapy is effective to improve the outcome after LT, but these results seems to be biased by the robust pathological response to the treatment in certain patients [12] [13] [14] [15] [16] . Nonetheless, a consensus has not been reached for the timing and the modality of treatment. Additionally, living donor LT (LDLT) account for the majority of LT events, due to the scarcity of organ from deceased donors in most of the Asian countries. Therefore, further investigation of LDLT remains important to optimize therapeutic strategies for patients with HCC. This study enrolled patients who had undergone LDLT for HCC, and further investigated the impact of pre-transplantation loco-regional therapy after LT. Apart from that, loco-regional therapy prior to LDLT based on the intention of treatment were also examined.
MATERIAL AND METHODS

Patients
All patients who had undergone LDLT for HCC at the Organ Transplantation Institute of Chang Gung Memorial Hospital at Linkou, Taiwan, were retrospectively analysed after the approval of the Institutional Review Board (99-3089B). As a result, a total of 308 consecutive patients undergone LDLTs for HCC between August 2004 and December 2018 at the transplantation center were included in this study, in which all patients were pathologically proven of HCC through histological examination of the explant liver. Subsequently, patients were grouped according to the intention of locoregional therapy prior to LT, and outcomes of patients were analyzed and compared between groups.
HCC evaluation and management before transplantation
The diagnosis of HCC was based on the European Association for the Study of the Liver and American Association for the Study of Liver Diseases guidelines [17, 18] . The treatment of HCC is mainly based on the algorithm of the Barcelona Clinic Liver Cancer (BCLC) staging system. In line with the current practices for HCC, the treatment modality options were multidisciplinary and depended on patient's performance, cirrhotic status of the liver, and the tumor characteristics [1] . In particular, LR is always considered the preferred treatment for HCC. Patients with HCC ineligible to LR and willing to undergo transplantation were evaluated for LT eligibility. The transplantation criteria for HCC were based on the University of California at San Francisco (UCSF) criteria, that use radiological imaging evidence in terms of tumor number and size [7] .
Based on the clinical context, we divided patients with HCC waiting to receive LT in three groups. Group I comprised patients who had not received any loco-regional therapy for HCC before LDLT. Group II comprised patients who had unresectable HCC and met the UCSF radiological criteria (rUCSF), but were unable to receive LT immediately due to the availability of donors or hesitation about LT surgery. These patients would thus be recommended for loco-regional therapy in order to reduce the risk of tumor progression. Group III comprised patients who had an HCC beyond rUCSF criteria, and loco-regional therapy was performed for the purpose of downstaging.
Liver transplantation and follow-up
All LDLT procedures were performed using standard techniques and without venous bypass. The immunosuppressant regimen consisted of calcineurin inhibitors, antimetabolites, and steroid as previous described [13] . After transplantation, the explanted livers were subjected to a thorough histological examination to determine the HCC pathological characteristics. Patients who had received loco-regional therapy were further pathologically examined for effectiveness in relation to the degree of tumor necrosis (TN) as previous described [13] , and a mean TN higher than 60% was defined as profound TN. Additionally, all patients were re-assessed for HCC in terms of tumor number and size for the transplantation criteria based on pathological results that termed as pathologic UCSF (pUCSF).
After LDLT, patients were regularly followed-up for graft function and tumor recurrence in the department. Generally, liver ultrasonography was performed in a minimum of 3-mo intervals. Radiological imaging including computed tomography and/or magnetic resonance imaging was routinely performed at 1, 3, 6, and 12 mo of the first year and annually afterward or whenever there was suspicion of HCC recurrence.
Outcome and statistical analysis
The outcome assessments included HCC RFS and the patients overall survival (OS). RFS was measured from the date of LDLT to the detection of HCC recurrence, while OS was calculated from the date of LDLT to the death of patient or until the end of this study. The survival curves were generated using the Kaplan-Meier method and compared using the log-rank test. The categorical clinic-pathological variables were analyzed using the χ 2 or Fisher exact test as appropriate. Continuous variables are presented as median and range followed by comparison using the Kruskal-Wallis test. All statistical analyses were performed using the SPSS statistical software package version 25.0 (SPSS, Inc., Chicago, IL, United States) for Windows. A P value of less than 0.05 was considered statistically significant. The statistical review of the study was performed by a biomedical statistician.
RESULTS
General outcomes of patients
Among 738 LDLTs, 308 patients (41.7%) including 249 males and 59 females were confirmed to have HCC and were included in this study. Based on the aforementioned grouping criteria, 52 patients (16.9%) were in Group I, 228 patients (74.0%) were in Group II, and the remaining 28 patients (9.1%) were in Group III. During the follow-up, 38 patients (12.3%) were detected with HCC recurrence in a period from 1.2 to 92.5 mo after LT (median, 15.0 mo). Overall, 103 patients (33.4%) died during the study, of which 17 were hospital mortalities (5.5%) within 3 mo, and 30 patients (9.7%) died of HCC recurrence after LDLT. The remaining 205 alive patients included 6 patients with recurrent HCC and 199 HCC-free patients at the end of this study.
Group comparison
The clinical features of the patient groups are summarized in Table 1 . Generally, the majority of clinical features were similar between groups. As group III represented HCC beyond rUCSF criteria for transplantation, their tumor characteristics in terms of number and size were significantly more aggressive than the other two groups. However, the severity of liver cirrhosis and the Model for End-Stage Liver Disease (MELD) score was significantly higher in group I. Specifically, 21.2% and 24.6% of patients in group I and group II, respectively, were beyond pUCSF criteria, which did not correlate with radiological criteria before LDLT. Similarly, after pathological examination, 21.4% of patients within group III were within UCSF criteria.
The comparison of survival curves showed that both RFS (Figure 1 , P < 0.0005) and OS (Figure 2 , P = 0.046) were significantly different between the 3 groups. Moreover, the subgroup analysis showed that group III had significant poorer outcomes (5-years RFS and OS of 54.7% and 56.2%, respectively) compared with group I (90.0%, and 62.7%) and group II (88.2%, and 73.3%), However, RFS and OS outcomes between group I and II were statistically similar.
Outcome associated with loco-regional therapy
Subsequently, patients who had received loco-regional therapy were further pathologically examined for effectiveness in relation to the degree of TN. Patients with loco-regional therapy were further compared based on the definition of profound TN. A total of 85 patients undergoing loco-regional therapy prior to LDLT, accounting for 33.2% of all patients, had profound TN.
The clinico-pathological features of patients regarding the TN status were compared in Table 2 . The serum level of alpha-fetoprotein (AFP) was significantly higher in patients who were unable to get profound TN, as well as the size and number of the HCC features. However, loco-regional therapy related to the treatment timing and modality were both not significantly difference between the two patient groups. Among patients with a profound TN, we observed a higher percentage of patients who were within the radiological and pathological UCSF criteria.
We compared the RFS and OS curves of patients who had profound TN and patients who did not. The RFS of patients with profound TN at 1, 3, and 5 years were 98.7%, 97.4%, and 93.8%, respectively, whereas the RFS of patients without profound TN at the same time points were 90.7%, 81.5%, and 79.7% (Figure 3 , P = 0.01). Moreover, the comparison of OS curves between these two groups were also not significant. The cumulative OS of patients with profound TN at 1, 3, and 5 years were 88.2%, 86.7%, and 82.0%, respectively, while the OS of patients without profound TN were 83.5%, 72.5%, and 66.4%, respectively (Figure 4 , P = 0.17).
DISCUSSION
Since the first successful LT performed by Thomas E Starzl half a century ago, LT has become a common and routine operation in many transplantation centers worldwide. Moreover, a flourishing LDLT practice has evolved in East Asia due to the scarcity of deceased donors [19] . Currently, LT has become the ideal curative treatment for liver cirrhosis associated with HCC, it simultaneously removes the tumors and cures the underlying liver cirrhosis. As such, LDLT offers a flexible timely transplantation possibility, providing a defining timeframe prepare the recipient before the operation. Theoretically, performing a pre-operative treatment might ameliorate the aggressiveness of HCC and improve the overall patient's outcome. Therefore, the present study analyzed patients who underwent LDLT for HCC to investigate the outcome in relation to the pre-transplantation loco-regional therapy. According to this study, the outcome of LDLT for patient with HCC was satisfactory, with a favorable RFS rate. However, loco-regional therapy prior to LDLT seems to not provide beneficial outcome unless a certain effect of loco-regional therapy before LT is achieved.
Although the treatment algorithm based on BCLC staging is very clear, the optimal treatment modality selection for patient with unresectable HCC remains uncertain. Moreover, individual patient may have their own choice of treatment after general consideration. Information about therapeutic options, importance of benefits and harms, the uncertainties of available options, and a patient's values through the implementation of shared decision making process could also affect the therapeutic decision [20] . Clinically, a care provider should inform patients of all risks involved with a certain treatment instead of forcing a treatment for patient. Therefore, patients with unresectable HCC would be evaluated for LT only if the patient was willing to undergo transplantation in the institute. Additionally, the scarcity of donor remains the major concern for LT. Thus, the majority of patients received loco-regional therapy prior to LDLT due to the lack of available donor for immediate transplantation. Apart from that, patients might be initially listed for a deceased donor liver transplant and turned to LDLT because of the long-time waiting and the fear of tumor progression. In those patients, loco-regional therapy was mostly performed in order to reduce the risk of tumor progression. Generally, the living donor liver graft is a dedicated gift from a recipient's relative, not competing with other patients awaiting for LT. LDLT usually offers a flexible timing for transplantation depending on the clinical scenario, the disease severity, and the preparation of available donor. In particular, the majority of patients with HCC have a low MELD score, meaning a non-life-threatening physical condition without a LT in a few weeks. The timeframe between the initiation of donor survey and matchup to LDLT in the institute is no longer than 4 wk. Therefore, a planned locoregional therapy with such a short-term treatment seems unnecessary nor giving beneficial effects.
In line with the previous studies, profound TN was observed in those patients who had less aggressive HCC, lower AFP, a lower tumor number, and smaller tumor size [13, 14, 21] . Generally, the aim of both transcatheter arterial chemoembolization and local ablation is intend to induce TN as well as eradication of cancer cells. Although each modality has different therapeutic effects in terms of TN, sequential treatment or a combination of multi-modalities can lead to marked or complete necrosis for a HCC of defined size [22, 23] . As such, the viable tumor burden could also be diminished by loco-regional therapy that results in TN and downstage of HCC status at a certain degree. Besides, a long waiting period might lead to tumor progression and patient ineligible for LT. Therefore, loco-regional therapy could also prevent dropout because of tumor progression among patients awaiting transplantation. However, timing and frequency of loco-regional therapy to achieve a profound TN response remain uncertain in the current clinical setting.
Additionally, it is difficult to assess TN through radiological imaging scan, and it could only be confirmed with thoroughly examination of the explanted liver after LT. Hence, it is unpractical to adjust the treatment strategy for LDLT on the basis of locoregional therapy efficacy in terms of TN. Apart from that, radiological imaging scan could be mis-staging HCC. In this study, radiological images of nearly 20% of all the patients did not correlate to pathological staging. Moreover, interpret the radiological image of a cirrhotic liver is more difficult after loco-regional therapy. Nonetheless, loco-regional therapy for patient awaiting LT remains an international consensus for the management of HCC patients during the waiting time [8, 24] . Hence, loco-regional therapy prior to LT might be insufficient for achieving a better outcome, but still encouraged as long as the patient is suitable for such treatment.
However, the outcomes related to the use of pre-transplantation loco-regional therapy were not statistically different in this study. Currently, the UCSF criteria are widely accepted to justify LT for HCC, in which the low incidence of HCC recurrence might be unable to reflect significance difference in this study. Additionally, the majority of group II patients only received one round of loco-regional therapy, and thus therapeutic effect in terms of profound or complete TN seems unachievable. Generally, loco-regional therapy before LT is mostly performed to prevent tumor progression in a long waiting time period. Therefore, the increased number of locoregional therapy could either reflect a long waiting time or a further tumor progression. However, a randomized controlled trial in terms of loco-regional therapy before LT may not be practical, in which the increased risk of tumor progression in certain study group might be a concern. Therefore, we are still unable to establish a definitive therapeutic protocol to achieve a beneficial outcome of HCC patients after 
LDLT.
In conclusions, although this study is limited by using a retrospective cohort, but few remarkable information might be helpful in planning therapeutic strategy for patients with HCC awaiting LDLT. A recent study showed that the use of locoregional therapy could improve outcomes only in patients with a complete pathological response [14] . However, this study showed that achieving profound TN by loco-regional therapy could also offer better outcomes for patients undergoing LDLT for HCC. Therefore, loco-regional therapy for HCC prior to LDLT might be insufficient for achieving a better outcome but still encouraged as long as the patient is suitable for such treatment. 
ARTICLE HIGHLIGHTS
Research background
Liver transplantation (LT) has become an ideal curative treatment for liver cirrhosis associated with hepatocellular carcinoma (HCC) as it simultaneously removes the tumors and cures the underlying liver cirrhosis. Although the overall outcome of LT for HCC is favorable, tumor recurrence is still a great concern. Hence, there remain several unmet needs for improving the long-term outcome of LT for HCC.
Research motivation
Living donor LT (LDLT) account for the majority of LT in most of Asian region because of the scarcity of organ from deceased donors. LDLT offers a flexible timing for transplantation providing timeframe for well preparation of transplantation. Theoretically, a pre-operative treatment might mitigate the tumor burden and improve the overall outcome of HCC patients. Therefore, further investigation of LDLT in terms of pre-transplantation loco-regional therapy remains important to optimize therapeutic strategies for patients with HCC.
Research objectives
The main objectives of this study were to analyze patients who underwent LDLT for HCC to investigate the outcome in relation to the intention of pre-transplantation loco-regional therapy.
Research methods
All patients who had undergone LDLT for HCC between August 2004 and December 2018 were retrospectively analyzed. Subsequently, patients were grouped according to the intention of loco-regional therapy prior to LDLT, and outcomes of patients were analyzed and compared between groups. Group I comprised patients who had not received any loco-regional therapy before LDLT. Group II comprised patients who had HCC within the University of California at San Francisco (UCSF) radiological criteria (rUCSF), but had loco-regional before LDLT. Group III comprised patients who had an HCC beyond rUCSF criteria, and loco-regional therapy was performed for the purpose of down-staging.
Research results
Of 308 patients who underwent LDLT for HCC during the study period were divided into Group I (n = 52), Group II (n = 228) and Group III (n = 28) based on aforementioned definition. Overall, 38 patients (12.3%) were detected with HCC recurrence during the follow-up period after LDLT. Group III patients had significant inferior outcomes to other two groups for both recurrence-free survival (RFS, P < 0.0005) and overall survival (OS, P = 0.046). However, RFS and OS outcomes between group I and II were statistically similar. Moreover, patients with defined profound tumor necrosis by loco-regional therapy had a superior RFS as compared with others.
Research conclusions
The outcome of LDLT for patient with HCC was satisfactory with a favorable RFS rate in this study. Nonetheless, loco-regional therapy prior to LDLT seems to not provide beneficial outcome unless a certain effect of loco-regional therapy prior to transplantation is achieved. Loco-regional therapy prior to LDLT might be insufficient for achieving a better outcome but still encouraged as long as the patient is suitable for such treatment.
Research perspectives
The study is still unable to establish a definitive therapeutic protocol to achieve a beneficial outcome of HCC patients after LDLT. Nonetheless, loco-regional therapy for HCC patient awaiting LT remains an international consensus for the management of HCC patients during the waiting time. The low incidence of HCC recurrence might be unable to reflect significance difference in this study. Therefore, additional loco-regional therapy studies in terms of high quality or larger prospective cohort studies could be undertaken in HCC patients listed for LDLT.
